The non-traditional compound KO 4 still existing at ambient conditions was synthesized by the reaction of KCl-O 2 under high pressure and high temperature (HPHT) using the diamond anvil cell and the laser heating 
Introduction
Nontraditional oxygen-rich compounds synthesized under HPHT is widely applied to scientific research. For example, MgO 2 was used in agricultural and environmental industries for its stably releases oxygen [1] ; FeO 2 provides a new perspective at oxygen and hydrogen cycling in the deep earth interior [2] ; BeO 2 also was drawn significant attention, as its band gap becoming larger with increase of pressure [3] . Especially synthesized LiO 4 can be treated as electrode material and provides the oxygen source in electrode reaction, which shows great potential in the batteries design and application [4] .
In recent years, the metal-air batteries particularly attract attentions owing to the simplicity of the underlying cell reaction. Especially the alkali metal-O 2 batteries are the focus of research. Among them, Li-O 2 batteries were widely studied because of their small size and high energy storage [5, 6] . Li-O 2 system is chosen by more people to study room-temperature batteries [7] . In addition, Na-O 2 and K-O 2 batteries have also been extensively studied [7] [8] [9] [10] .
However, electrolyte decomposition is irreversible during cycling in Li-O 2 cells with complex chemistry. In recent research, K-O 2 cell presents reversible discharging and charging [10] , which demonstrates that substitution of lithium by potassium may offer a new perspective in the design of metal-air batteries. Different from gaseous oxygen, high oxygen content solid oxides can provide a stable source of O for batteries reactions, therefore synthesis high oxygen content oxide is imminent in the K-O system, using high temperature and high pressure technology. At present, there are two methods for synthesizing high-oxygen alkali metal oxides under high temperature and pressure, one is obtained by reacting peroxide or superoxide with oxygen(LiO 4 ) [4] ; the other is obtained by reacting an alkali metal ionic compound with oxygen(NaO 4 ) [11] . 1 Experiment and calculation
Experimental methods
The high-temperature and high-pressure experimental equipment used in this study was a symmetrical diamond anvil cell (DAC) device, the diamond anvil has a top diameter of 400 μm. A piece of T301 stainless steel foil was pre-indented to a thickness of about 45µm with 105um diameter size holes drilled in the center of foil as the sample chamber. The KCl sample was pre-pressed to a thickness of about 15 μm using DAC, and select the 50 μm × 50 μm KCl slices were placed in the sample chamber, filled with liquid oxygen joined using liquid nitrogen cooling method. 3~4 ruby chips were put around the KCl sample piece in the sample chamber as the pressure calibration.
The samples were first pressurized to 37.1 GPa at room temperature, then were heated by a double-side SPI fiber laser heating system with 1070 nm wavelength and 100 W power at 1800 ± 200 K about 1 hour, as solid oxygen existing under high pressure absorbing laser energy to generate high temperatures. The radiation spectrum of the sample was collected using a spectrometer and the heating temperature of the sample was fitted by the blackbody radiation equation. After laser heating, the Raman spectra of samples were measured on a Renishaw 2000 Raman spectrometer at room temperature with the 532 nm excitation wavelength. The Raman signal is separated by an 1800 l/mm grating and collected by a thermoelectric cooling CCD.
Calculation methods
The Raman spectra of KCl 3 were computed using CASTEP module of Materials Studio software based on density-functional perturbation theory. The Generalized Gradient Approximation (GGA) and Perdew Burke Ernzerhof (PBE) were elected as exchange-correlation functional in this calculation. The Pseudopotential is Norm conserving. Plane wave basis sets with the 830 eV cutoff and a 0.04 Å -1 intervals of Monkhorst-Pack scheme for the Brillouin zone are applied in the calculation.
Results and Discussion

Products of KCl-O 2 chemical reaction at HPHT
KO 4
After laser heating at 37.1 GPa, the pressure of the sample system was reduced to 32.8 GPa. In higher wavenumber area, except the 1621 cm -1 (not listed) symmetrical stretching vibration peak of ε-O 2 [12] , no other peaks were detected. However, as Fig. 1 In Fig. 2 , the linear relationship between the Raman shift (just O-O stretching vibration) and amount of charge on oxygen for all the alkali metal peroxides, superoxide and pure oxygen are shown. The Raman wavenumbers [6, 14, 15, [18] [19] [20] are listed in [15] 794 [18] 762 [15] 782 [15] 743 [20] AO 2 1140 [6] 1156 [19] 1142 [14] 1140 [19] 1134 [20] 
KCl 3 , Cl 2 and KClO 4
As Fig. 3 shows, in lower wavenumber area, the Raman signal of ε-O 2 was measured up to 37.1 GPa before heating. The translational vibration peak 225 cm -1 (Ѵ L1 ) and 490 cm -1 (Ѵ L2 ) peak, and two Raman peaks (217 cm -1 and 615 cm -1 ) that appear only at higher pressures are shown with 1628 cm -1 symmetrical stretching vibration peak not listed [12] . chemical reagents and literature [21] , which indicates KClO 4 existing in chemical reaction products. When loaded to 18.0 GPa, as the curve b, a 541 cm -1 peak shown in the chart except these new Raman peaks found in curve a. The 541 cm -1 peak can also be continued to lower pressure (6.8 GPa), as A g -1-2 modes showing in the Fig. 4 . The A g -1-2 modes and other peaks(A g , B 3g ) are in good agreement with the Raman spectra of pure solid Cl 2 (space group Cmcm) samples in literature [22] , which indicates the Cl 2 existing in the chemical reaction products. The
Raman spectra of Cl 2 were collected in large amounts of Cl 2 aggregates with high intensity. The red curve c at 22
GPa is the Raman signal of P-3cl-KCl 3 referred from Zhang et al. [23] , which is consistent with curve b in our experiment, the P-3cl-KCl 3 may be also the chemical reaction products. According to group theory, P-3cl-KCl 3 has 16 Raman active modes (Г = 5A 1g + 11E g ). However, just eleven
Raman peaks are detected in this experiment for P-3cl-KCl 3 , marked as Vi (I = 1, 2, 3….). The First-principles calculated Raman spectroscopy of P-3cl-KCl 3 shows in curve d of Fig. 3 at 20 GPa, which Raman bands are consistent with experimental result with some reasonable pressure deviation (Table 3) . Based on theoretical calculation, the Raman peaks of P-3cl-KCl 3 can be assigned in table 3. From the structural analysis, the non-traditional compounds P-3cl-KCl 3 has a non-linear, symmetric Cl-Cl-Cl configuration(Cl 3 -) with a negative charge non-uniformly distributed among these three Cl atoms [23] , which vibrations is the P-3cl-KCl 3 's Raman origin. The synthesis of P-3cl-KCl 3 means the trichloride polyanions, being more difficult to form under atmospheric pressure [24] , are easily synthesized under high pressure. The P-3cl-KCl 3 gradually weakened and disappeared below 10 GPa, as decomposing into KCl and Cl 2 , which is consistent with Zhang et al. [23] 's experimental results. Therefore, more chlorine was detected at low pressure (6.8 GPa). 
Calc al. [25] shows that KClO 4 decomposes to KCl and O 2 at high temperatures of 1.5-9 GPa, which is opposite to the results of high pressure experiments in this study. From another point of view, the formulas (1) and (2) According to all the chemical reactions, producing the KO 4 in KCl-O 2 system is rational and believable.
However, the structure and properties of KO 4 is unknown. In recent research, Yang et al. [4] thinks LiO 4 consist of a Li layer sandwiched by an O ring structure inheriting from high pressure ε-O 2 . Theoretical research shows that LiO 4 can be also stable under normal pressure and has superconductivity [26] . Whether there are similar structures and properties on KO 4 with LiO 4 needs further investigation.
Conclutions
In summary, we synthesized KO 4 still existing at ambient conditions, and investigated the novel chemical reaction of KCl-O 2 system under HPHT, which provides new perspectives for developing new batteries materials and studying batteries reactions. In the reaction products, the oxygen and chlorine elements have a negative charge of the fraction, indicating that the two elements have unconventional chemical valence under high pressure, and its mechanism is that high pressure prompts the presence of O-O pair-anions and Cl-Cl-Cl polyanions.
